.
The reproductive effects of environmental pollutants are currently receiving attention, due in part to the possibility of human infertility (9) . BaP and inorganic lead are of special interest. Both are ubiquitous environmental pollutants, and BaP is a component of cigarette smoke. We therefore conducted an experiment exposing mice prenatally to inorganic lead and BaP. The purpose of the study was to investigate lead and BaP for synergistic effects on female fertility. We chose a treatment dose of lead that was judged from the blood lead levels to be comparable to exposure levels found in many occupational settings. The treatment dose of BaP was similar to the lowest dose that induced subfertility in an earlier report (4 No F0 females showed signs of general toxicity, and they all proved fertile. We kept F0 females with their offspring until after weaning (21 days after delivery).
One F1 female from each of the 36 litters was allocated in the experiment, each belonging to one of the four exposure groups they had been assigned to in utero.
At the age of 6 weeks, each F, female was caged for 6 months with an untreated male proven to be sexually active. Males for four females that did not become pregnant after 30 days were replaced, but this procedure did not lead to any pregnancies.
Dates and sizes of litters were recorded. F2 offspring were inspected for gross deformities at birth, and their weight and sex were recorded at day 2 after birth when they were killed by cervical dislocation.
After 6 months of continuous breeding, the F1 females were euthanized; the right ovary was excised, trimmed, and weighed. Ovaries were fixed in buffered formalin, embedded in paraffin, and 3-pm parasagittal sections were prepared. Three slides, made from tissue 90 pm apart, were stained with hematoxylin-azophloxine-saffron and reticulin and examinated by light microscopy.
The F1 female was taken as the basic unit of experimentation. Several measures of fertility and ovarian morphology were recorded without knowledge of the treatment group. Measures of fertility for each F1 female were number of offspring, number of litters during the breeding period, median litter size, and median days between deliveries (with the start of the experiment as the starting point for the first interval).
We recorded the weight of the right ovary for each F1 female and counted follicles and corpora lutea in the three histological sections. Follicles were classified according to Pedersen and Peters (10) . Treatment effects on fertility, ovarian weights, and counts in the microscopic examination were evaluated by nonparametric tests (Wilcoxon rank sum test, Kruskall-Wallis test). Significance levels of <0.05 (two-tailed) were taken as criterion of treatment effects. The statistical analyses were performed with the BMDP software package (11) .
Results
The 36 mated F1 females gave birth to a total of 1985 offspring distributed over 182 litters. The distribution over the treat- aChi-square with 3 degrees of freedom; two-tailed p-value. In the c were infertile in the study; only 1 out of 18 and the F1 females producing more than 6 litters showed belonged to either of the 2 groups receivSome ol ing BaP (Fig. 2) .
were or co = a.
h. 10-86) 10-8) (3) (4) (5) (6) (7) (8) (9) (10) (11) 0-23) Lead (Table 3) . Ovary weights, counts of follicles, and counts of corpora lutea were different in the treatment groups, with low weights and depletion of follicles and corpora lutea for most animals in the BaP and lead plus BaP groups. The F1 females in the lead group had nonsignificantly higher weights and counts of follicles and corpora lutea compared to the control group. The lead plus BaP group had lower counts of follicles and corpora lutea and slightly higher median ovarian weight than the BaP group, but all differences were nonsignificant in the Wilcoxon rank sum test.
Discussion
We have shown that prenatal administration of 10 mg BaP/kg maternal body weight (with or without lead) leads to subfertility and a marked reduction in the number of ovarian follicles in F1 females. These results are in agreement with a previous report (4) and are probably due to impaired development of primordial oocytes. This interpretation is further supported by an earlier report on toxic effects of BaP on primordial oocytes in weanling mice (12) .
No treatment effects of lead were detected in the study. This is not surprising since we used moderate doses resulting in maternal blood lead levels about 2 pmol/L during the second week of pregnancy; this is considered to be the critical time of fetal folliculogenesis (3) . This dose was far lower than that reported to have an independent effect on primordial germ cells (3) and fertility (1-3).
To our knowledge, the combined effect on fertility of inorganic lead and BaP has not been reported earlier. Our study was designed to investigate the hypothesis of an interaction between the two agents. We found a synergistic action of inorganic lead on the BaP effects for days between litters, and the manifestations of combined lead and BaP treatment were stronger, but not Volume 103, Number 6, June 1995 (13) (14) (15) (16) .
Mechanistic interpretations on the synergism between lead and BaP on the basis of our results can only be speculative. BaP seems to have a direct effect on primordial oocytes (4,i) . Fetal treatment with high doses of inorganic lead also decreases the number of primordial follicles, possibly as an effect on the migration or multiplication of the developing germ cells (2) . Lead is also a developmental neurotoxicant, and its synergistic action might be explained by a disturbance of the neuroendocrine balance that alone was not sufficient to impair fertility. However, Wide (2) found only small and nonsignificant alterations in the levels of ovarian steroid hormones for mice exposed prenatally to lead in doses that clearly reduced the number of primordial follicles.
The lead and BaP doses chosen in our study were probably not optimal. The lead dose was comparable to human exposures, and the daily BaP dose in our study was equal to the lowest effect level in an earlier study, but its effect on fertility was strong (4) . The daily dose (10 mg/kg) is about 1 million times the main stream dose in 100 cigarettes (12) . Fertility as outcome might have been more sensitive to the combined effects of lead and BaP if the BaP dose had been lower. BaP alone had a profound effect; even if the lead plus BaP group had almost total depletion of follicles and several animals were infertile, the differences were not significant.
There is currently much concern about human fertility (9) . Biology indicates that the prenatal development of primordial germ cells may be crucial. Exposures to common environmental xenobiotics are under suspicion of interfering with gonadal development (9) . Human exposures from environmental sources are considerably lower than exposures producing effects in laboratory animals but could be more relevant in case of synergistic actions. Human studies addressing effects of environmental agents are warranted, but the needed multigenerational designs restrict the possibilities (18) . Animal models that have been developed should be further applied.
